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n\) We, INTERNATIONAL BUSI- 
NESS MACHINES 0 CORPORATION, a 
Corporation organized and exisung under 
the laws of the State of New York in the 
5 United States of America, of Armonk, New 
York 10504, Uniied States of America, do 
hereby declare the invention for which we 
pray that a patent may be granted to us, and 
the method bv which it is to be performed, 
10 to be particularly described in and by the 
following statement: — 

This invention relates to the manufacture 
of monolithic semiconductor arrangements. 
■ According to the invention there is pro- 
15 vided a method of making a monolithic 
semiconductor arrangement including the 
successive stepr, of forming an insulating 
layer on a body of semiconductor material 
of one conductivity type, forming a layer 
20 of silicon on the insulating layer, forming a 
laver of silicon nitride on the layer of silicon, 
eiching away windows in the silicon nitride 
layer, etching away the silicon layer where 
it is exposed through the windows in the 
25 silicon niiridc layer, introducing impurity 
through the windows in the silicon nitride 
and silicon layers into the semiconductor 
body to form regions therein of different 
conductivity to that of the body and remov- 
30 infc the silicon nitride layer. 

How the invention can be carried into 
effect will now be described by way of ex- 
ample, with reference to the accompanying 
diagrammatic drawings, in which: 
35 Figures I to 6 illustrate a monolithic semi- 
conductor arrangement in successive stages 
of manufacture. 

The fabrication of a monolithic semi- 
conductor arrangement comprising a sclf- 
40 aliened FET and a charge-coupled device 
will "be described. 

A monocrystaJline body 10 (Figures 1 to 6) 
of semiconductor material is preferably of 
P type silicon having a resistivity of about 



10 ohm-centimeters. This resistivity indicates 
that the material of body 10 has an impurity 
concentration of about 10° impurity atoms 
per cubic centimetre. To produce a charge- 
couplcd array the resistivity of the starting 
material should be a< high as possible. How- 
ever, because an FET is to be formed in 
the same body 10 the resistivity must be 
lowered because of the requirements of the 
FET characteristics. Desirably for FET 
devices the resistivity should be 10 ohm- 
centimetres or less. 

Although for the purposes of describing 
this embodiment, reference will be made to P 
type semiconductor material, it should be 
understood that material of the opposite 
conductivity type may also be u?ed. 

Following cleaning of the uppermost 
surface 11 of the body 10, a layer 12 of 
silicon dioxide 600 angstroms thick is formed 
thereon. This layer 12 can be produced by a 
thermal oxidation proress bv heating the 
semiconductor body to 1100X2 and 1200°C 
in a hydrogen atmosphere containing a small 
amount of oxygen for about twenty minutes. 

Following the establishment of the silicon 
dioxide layer 12, a silicon nitride layer 13, 
having a thickness of 150 angstroms, i* 
formed over layer 12. One particular method 
of forming such silicon nitride coatings, com- 
prises a treatment in which silane and 
ammonia are mixed, in a carrier gas stream 
of hydrogen, and introduced into a chamber 
containing the silicon body at a temperature 
of about 900°C At this temperature a re- 
action occurs, involving a decomposition of 
the silane, which results in the deposition of 
the silicon nitride layer 13 on the silicon 
dioxide layer 12, The layer 13 need not be 
thicker than 150 A. 

After the deposition of the silicon nitride 
layer 13, a polysilicon layer 14, about 2000 
angstroms thick, containing approximately 
10 tft p type impurities per cubic centimetre. 
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is grown on the surface of the layer 13. This 
^silicon layer 14 is formed by pliant 
die body 10 in a chamber heated to about 
900°C in the presence f a deccmpo ei 
5 sihne gas contained in a hydrogen stream 
f desired, the layer 14 can be grown m the 
presence of a suitable dopant gas or .t can 
EL subsequently doped. If sub:equcntly 
doped, the underlying silicon rmr.de ayer 13 
10 will act as a diffusion mask preventing the 
dopant from rent-rating into the ox.de ^ aye 
12 Over the polysilicon layer 14 there is 
new deposited a second layer of silicon nitride 
J5 This nitride layer 15 is 600 angstroms 
15 thick and is grown using the technique des- 
cl bed above Over this second nitride ayer 
l a 3000 oncs.tom thick layer of silicon 
dioxide 16 is formed to provide a base for 
*° adhesion of any subsequent photoresist 
20 ffyers which do no^adhere well to s, .con 
nitride. Preferably, the latter layer of silicon 
Sioxide is formed by pyrolytic dcpos.uon at 
about 800°C. . ... 

Once all these layers of various materials 
25 have been deposited in the required thick- 
nesses on the surface of '^ semiconductor 
body 10, a photoresist mask 17 is provided 
over the entire surface and exoosed to permit 
?„ J opening of a window 18 in the layers 3 
30 throuch 17 to define two distinct islands 19 
and 20 in the layers 13 to 6 as shown in 
Figure 2. The initial oxide layer 12 is not 
etched. Under Island 19 a S clf -aligned FET 
device will be produced and under island 20 
35 a charge-coupled device channel will b. 

C ' C The d sc islands 19 and 20 are formed by 
removing in the region of window 18, the 
lavers 13 thronch 16 of the various materials. 

40 This is accomplished by usin? a different 
e.chant for each of the different materials 
Tor example, the outermost silicon dioxide 
l.-yer 16 is removed by dipping the photo- 
resist roatcd unit in a solution of a buffered 

45 hydrofluoric acid so as to remove the tin- 
masked portion of layer 16 underlviw : the 
window 18. However, since the M'oSuon. 
Kid solution do:s not substantially attack 
silicon nitride, layer 15 is unacted, thus 

50 the etchinr. ircaimcm using the hydrofluoric 
solution terminates upon reaching layer 13. 
Layer 15 is, in turn, removed by using a not 
P ho;phcric acid which attacks only that por- 
tion cf layer 15 which has been exposed 

55 by removal of layer 16 under window 18. 
Simultaneously, this hot phosphoric solution 
will also attack and dissolve the photoresist 
laver 17. However, since the photoresist layer 
17 is no longer required as an etchant roa<k. 

60 it does not matter whether layerj 7 remain, 
on the surface of the silicon oxide layer 16 
r not. The silicon oxide layer 16 itself » 
now the primar, barrier to the etchine action 
of the phosphoric solution; that is, the hot 

65 phosphoric solution can attack silicon nitride 



only in the region exposed by the previously 
opened window 18 in the layer 16. 

Lavcr 14 is removed by subjecting the 
body "to a buffered hydrofluoric acid solution. 
Since the photoresist layer has now been 70 
removed by the hot phosphoric solution used 
to open the window in layer 15, the layer 16 
is exposed to the solution used to etch layer 
14 and is al:o etched. However, because 
layer 16 is made substantially thicker than 7> 
any of the other layers, it is not etched away, 
but only reduced in thickness. Once the 
appropriate opening is etched in layer 14, the 
unit is again subjected to a hot phosphoric 
solution to eich the required opening in 80 
layer 13. In this manner, the window 18 is 
extended towards the surface 11 through 
layers 13 to. 16. o 

At this time gallium, or other acceptor 
impurities, are diffused or ion-implanted into 83 
the semiconductor body throuch window 18 
to form an isolation diffusion 23 in the body. 
This diffusion 23 ensures that surface inver- 
sion problems will be avoided and provides 
electrical isolation between the region 21 w 
underlying island 19, in which the FET is 
to be formed, and region 22, underlying 
island 20, in which the charge-coupled 
channel is to be formed. This diffusion 23 
can be made in the form of a ring surround- v> 
ing the Hand 19 and a ring surrounding the 
iMand 20. Thus this diffusion can be a por- 
tion of a field resion protecting both the 
FET and the charg'e-coupled array from un- 
wanted surface states. iuu 

The gallium so diffused in the body is 
prevented from diffusing anywhere else m 
the semiconductor bodv 10 except under 
window 18 bv the layers overlying the : sur- 
face of the device. The initial layer 12 of Jt» 
silicon dioxide formed on the surface of the 
semiconductor body being relatively thin will 
not act as a bar to such gallium diffusion. 
Although it is preferred that layer 12 remain 
on the surface 11 and the gallium diffusion 110 
occur throueh it, it can be removed if such 
is desired. Under some circumstances, this 
entire isolation diffusion step may be elimm- 

a,C Aftcr the creation cf isolaiion diffusion 23, 115 
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the coated bc;ly 10 is heated 10 about . \ k 
1050°C and exposed 10 an oxidizin.e atmo- V/ 
snhcrc of sicam so that a thermal oxide plug V 
24, as shown in Figure 3, will grow in the 
previously etched window 18. This oxide 120 
rlug 24 grows only in the expos ed window 
18 and do:s not grow elsewhere fe cause 

ojLihLJi'iiii!iiJ , -^ n ft * . thg layCfS c ^ n * J - he 

bodv 10 . Preferably this plu* is made rela- 
iivcly thick: that is, about 8000 angstroms 125 
or more. 

A second photoresist and etching operation 
is now performed in island 19 to etch the 
various layers 12 through 16 to define a 
source window 25 and a drain window 26 130 
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in order to create an FET by using a self- 
aligned gate process in which ihe polysilicoa 
layer 14 acts as the gate conductor and 
exists on the device prior to the creation 

5 of the source and drain. The layers 12 
through 16 are removed as described above. 
Source and drain N+ diffusions 27 and 28 
are now formed by a standard diffusion tech- 
nique followed by the usual drive-in 

10 diffusion step. For the described semiconduc- 
tor body 10 arsenic is preferably used as the 
diffusant to create the source and drain regions 
27 and 28. With arsenic the diffusion 
temperature is 900°C. If desired these source 

15 and drain regions 27 and 28 could be fanned 
by ion implantation. Following the formation 
of the source and drain regions 27 and 28, 
the exposed surface of the semiconductor 
material over the nova -defined source and 

20 drain regions 27 and 28 is reoxidized by the 
thermal oxidatiorv^svep described above to 
form oxide plugsf^'andQojn the windows 
25 and 26 as sTOwn in Tiguje ^ cse 
source and drain plugs art ioTmed at this 

25 time to ensure protection of the source and 
drain regions 27 and 28 during subsequent 
processing and formation of the charge- 
coupled channel under the island 20. When 
the regions 27 and 28 are diffused this step 

30 is used to "drive-in" the diffusion 27 and 28. 
When ion implanted this step also serves to 
anneal the implanted regions. 

To form the charge-coupled channel the 
entire semiconductor body 10 is aeain masked 

35 with a pho:oresist and the island 20 is etched 
using the above described procedures into 
a line of separate smaller segments 31, 32, 
33 and 34, separated by openings 35, 36 and 
37 as shown in Figure 4. Once again, the 

40 initial layer 12 is not removed. Aficr the 
layers 13 to 16 are etched off, gallium or 
another P type dopant is diffused or ion- 
implanted into the body 10 under the open- 
ing 35, 36 and 37 to produce P + regions 

43 38, 39 and 40. Preferably, with the described 
starling material these regions 38, 39 and 40 
should be made to have a concentration of 
P type impurities of between 10" and 10 19 
impurity atoms per cubic centimetre. The 

50 oxide lavcr 12 is so thin that it docs not 
appreciably interfere with either the diffusion 
or ion-implantation of these impurities and 
the semiconductor material exposed to the 
dopant, i.e., regions 38, 39 and 40 will b: 

55 doped to a concentration higher than the 
concentration in the remainder of the bedy. 
The portion of the body under the oxide 
plugs ^4, 29 and 30 and under the remain- 
ing silicon nitride and polyisilcon layers is 
I 60 protected and no impurities are introduced 
therein. 

^ Following this diffusion of gallium, the 

body is again subjected to the thermal oxida- 
tion process and plugs of silicon oxide 41, 
65 42 and 43 each having a thickness of approxi- 



mately 3000 angstroms are formed in the 
openings 35, 36 and 37. 

Following the growth of there oxide plugs 
41, 42 and 43, they are masked ana the 
remaining portions of silicon dioxide layer 70 
16 and silicon nitride layer 15 are removed 
as shown in Figure 5.- 

Following the removal of all the silicon 
dioxide layer 16 and the silicon nitride layer 
15, & photoresist layer 44 approximately 75 
12000 angstroms thick is placed over the 
surface of the wafer and windows opened in 
it over the oxide plugs 41, 42 and 43. Once 
these windows are opened in the photoresist 
layer 44, a film 48 of conductive material 80 
epproximatcly 300 angstroms to 500 ang- 
stroms thick is deposited over the entire 
wafer surface as shown , in Figure 5. Prefer- 
ably, the deposition of this conductive film 
is performed by means of a room tempera- 85 
ture sputtering operation. A typical procedure 
for producing such a film is as follows: The 
entire unit is placed in a conventional sputter- 
ing system either dc or RF and the surface 
of the unit is coated with a film of the 90 
selected conductive material. Because the 
sputtered material is directed towards the 
top surface of the entire device, little or no 
sputtered material will adhere to the sides of 
the windows opened in the photoresist layer 95 
44. Thus only the surface of the photoresist 
layer and the top surfaces of the plugs will 
be coated. 

Generally, any solid conductive material 
is suitable for use as the conductive film 43. 100 
Suitable materials are, for example, chromium 
or molybdenum. In any event the sputtered 
film should have a thickness between 300 
and 500 angstroms to achieve conductivity in 
the thin film. Once an acceptable thickness of 105 
film 48 has been formed, the coated unit is 
removed from the sputtering chamber and 
the photoresist layer 44 is stripped from 
the surface. The removal of the photoresist 
will also remove the film 48 deposited over 110 
it. It will however not affect the film 48 
deposited over the oxide plugs 41, 42 and 
43. 

The unit is again masked and as shown h 
Figure 6 contact holes to the -source and 115 
drain are etched. Following the etching of 
the source and drain contact holes, a series 
of conductive electrode strips 50, 51, 52, 53, 
54 and 55 are laid down over the unit. The 
electrodes 50, 51 and 52 contact the source, 120 
gate and drain respectively, of the FET 
created in island 19. Electrode 52 also serves 
to couple the FET to the charge-coupled 
array. Electrodes 53, 54 and 55, together 
with electrode 52, act as electrodes ro the 125 
charpc-channel array created under island 
20. Each of the strips 53, 54 and 55 joins 
together a single strip of polycrystalline layer 
14 and an adjacent single strip of the con- 
ductive film 48. Because the film 48 exists 130 
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is grown on die surface of the layer 13. Tb 
„i.<;i;™n laver H s formed by pUcii 

ff S l » chamber heated to abo 

&0°C in the presence of a deccmpo:. 

Sine 1 1 con.nincd in a hydrogen streai 
I desired ihe layer 14 can be grown n d 
Ls n e of a suitable dopant gas or it c; 
r subsequent doped. * 
j .a .hp underlying silicon nitride layer 
iiSTa'c s a mask preventing d 

JoLn from penetrating into the ox.de Jay 

^ftrtde SS Su 600 angs l ror 
hick and™ grown using the technique de 
* [V!s n « Over this second nitr.de lay 

ab Once 80 a°U C ^Kse layers of various matem 
have been deposited in the required due 
ncsses on the surface of the sem.conduct 
KJ 10 ? photoresist mask 17 is prov.d. 
o^the'enti^ : surface and |™£ 
the oocnine of a window 18 in the layer? 
tS 17 to define two distinct $ .lands 1 
and 20 in the layers 13 to 6 as shown 
Figure 2. The initial ox.de layer U is n 
etched. Under Island 19 a self-ahgned FE 
device -ill be produced and under .shnd . 
a charge-coupled dev.ee channel w.u 

Cr T?e« islands 19 and 20 are : formed » 
removing, in the region of window 18, d 
S 13 throueh 16%f the various material 
Thfcis accomplished by using a d.ffere 
Sn for each of the different materia 
For wimple, the outermost silicon dioxit 
Wer 16 I Amoved by dipping .he phot- 
re£t oatcd unit in a solution of a buffe* 

S?on nitride, layer 15 is ^fleeted, thi 
uSe c rhinr. treatment using the MwJ"" 
solution terminates upon reaching ayer 1. 
Layer 15 is, in turn, removed by using a h« 
p^hcric acid which attacks ody *« F» 
in ' f layer 15 which has been pP 05 - 
bTremolVrof layer 16 under j indow ■ > 
Simultaneously, this hot P h «Ph°"C «ohn o 
•ill also attack and dissolve the photon .i 
laver 17. However, since the photoresist law 
17 is no longer required as an etchant ma«l 
"doe? no, matter whether "J™'* 
on the surface of the silicon ox,d : Uye 1 
or not The silicon oxide layer 16 its.lt i 
now the primar,. harrier to 
of the phosphoric solution; »»•« «• * e . "J 
phosphoric solution can attack silicon nitrid 



35 



40 



45 



50 



55 



60 



65 



process not onl 
in which the i 
under the oxi<k 
ii low, but alsi- 
Effect Trinsisu 
and a charge -c 
capacity for st> 
formed also I 
spaced deplete 
electrical disco 
ihc depletion i 
array are avoid 



over the top of the oxide plugs 40, 41 and 
42 the electrodes 53, 54 and 55 can bs 
made very narrow and need only to make 
Tom ct b?twe en uSe polycrys.alline strip and 
5 Z adjacent film. Preferably the strips 33, 
5 54 and 55 are formed of a conducive 
material different from that of the fUm 48. 
Such electrode strips may be deposited by 
placing the unit in a conventional evaporator 
10 and a coating of a conducuve material, such 
10 a" aluminium load down over the ^r sur- 
face using normal evaporauon techniques. 
Se unites then removed from the evapora- ^ 
tor, masked and the excess ^ m,n,um ec \ , s c J l ~ j. A method 

15 T>' , \St»r£ n, «S P «h« ^ conductor ma- 

that an etchant be usea ui yc of fl . 

,hc exposed aluminium but no attacK inc 

other materials. Such " f h JJl ductivity type. 

for example, a solution consisting of^ pho , 

20 phoric acid nunc acid and v. a er. The unit ^ ^ 

as described and shown in ^& u « J> "J" windows in il> 

depicts an FET »«».■ ch ^t i^*h SJ ^ay the silk 
interconnected one with another through me ^y^ ^ ^ 

medium of electrode «. _ ■_],., wncn layer, introdu. 
25 Under some conditions and espcc.a lv wnen y ^ 

ates the sandwich structure »? *e gate region ^ 

35 which is known in the pr.o a t to cau e ^ 

threshold voltage stability problem*, inu* ^ 

this modified process maintains wn " e 4. A mctl 

discontinuities in the charge-coupled an ay, *od» 

while simultaneously .mptoving the charge ^ 

density that can be carried in the charge ^ ^ ^.^ 

aluminium for the electric rips an J ^ 
chromium as the film on -he smf « oI ^ 6 . A mc 

plugs these materials ™" ^"S'^ed which thC 
50 or other suitable conductive materials u.ea cQnduclor , 

"mretfbe'en described a. monolithic of the sam 
semiconductor arrangement comprising sd - 

aligned Field ^ J^T^ io^ Tor of the ..lie. 
55 Coupled Array having a good «P ac »J 'J in lhe winr 
storing charges. The arrangement is formea ^ 

in the same semiconductor •body. ^ a c ha ge ^ 
coupled array having a «"; >, *"~ ^njs ing the 5 
65 Effect Transistor associated therewith. i 
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is grow* on Uk surface of the layer 13. Tb 

?n 0 oc in die presence of a deccmpo:- 
5 SJne gS contained in . hydrogen s.rcai 
desired, ihe layer 14 can be grown in d 

nresen e of a suitable dopant gas or it c. 

I subsequendy doped. If . subsequent 

a~ .he underlying silicon nitride layer . 
,0 t'fTa'c s a d.? U sion mask preventing J 

\f1 oSo anes"cm thick layer of s 
i ' a/\* is formed to provide a base f 
d L°* l LlLn of Tn^subseouent photores, 

divide is formed by pyrolytic dcpos.uon 

ab Once 80 3°U C ^c S e layers of various ma.eru 
25 have been deposited in the requ.red thic 
have occu v . f Ac se miconduct 

bodTiS%pho^ Hisprovid, 
Sthe'emi^e : surface and ^ » 
,he opening of a window 18 in the 'aycrs 

30 KoSh 17 to define , ? distinct .lands , 
and 20 in the layers 13 to 6 as shown 
Fieure 2. The initial oxide layer U is n 
etched Under Island 19 a self-aligned FE 
device' will be produced and under island . 

35 a charge-coupled device channel will I 

"Trie islands 19 and 20 are formed 1 
;n the rccion of window Is, U 
hy^TJ'.hlourt 16 5 of the various material 
40 tI is accomplished by usin? a d.fferc 
TJh.n, for each of the different material 
Fot Mimic ! the outermost silicon dioxu 
Wer 6 if removed by dipping the : P hoj 
res", coated unit in a solution of a buffer* 
45 hydrofluoric acid so as to remove die u. 
masked ronion of layer 16 «ndcrhint d 
window 1*. However, since the hydrofluor 
J id <ol 0 ,ion do:s no. substantially art* 
i con nitride, layer 15 is «n,ff^. *J 
50 the ctrhinr. treatment using the hyd rofluor 
solution terminates upon reaching hyer 1. 
Layer 15 is, in turn, removed by using ah 
pho^hcric 'acid which attacks only di.tpo. 
tion cf lavcr 15 which has been expos. 
55 bv removal of layer 16 under window 1 
" S mulunelly, this ho, pnosphonc so uuo 
will also attack and dissolve the photore.i 
Sver 17 •However, since the pho.ores.st lay 
17 is no longer required as an etchant ma;l 
60 t does nit matter whether layer 17 rema.r 
60 in S wrhce of the silicon xide \>y« 1 
*r nnt The silicon oxide layer lo us.u i 
r ow n ^^a 5 i^ a rncrt *^)£Z 
of the phosphoric solution; fat i% iM rj 
65 phosphoric solution can attack silicon mtnd 
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over the top of the ox.de plugs 40 41 and 

42, the electrodes 53, 54 and 55 can b 

made very narrow and need only to mak. 

Contact b?tween the polycrystalline strip and 

Se adjacent film. Preferably, the strips 53, 
4 and 55 are formed of ■ conductive 

material different from dtat of the film 48. 

Sucn electrode strips may be deposited by 

placing the unit in a conventional evaporator 

?nd a coating of a conducuvc material such 
" aluminium load down over the enure sur- 

face using normal evaporation techniques. 

The unit is then removed from the e vapors- 

lu rSed and the excess aluminium etched * HAT WE 
,way. In this etching step it is nece ssa v duC(0t affi 
,ha« an eichant be. used that wilMmtg $| of ( , 

the exposed aluminium but not attacK ui k 
other materials. Such an etchant can be, boay 
for example, a solution consisung pho s due y W 
phoric acid, nitric acid and v. a er The unit ^ ^ 

as described and shown in Figure : o tnus . 
depicts an FET and a eharge-channel i r»y ^ 
interconnected one with another through the a^y^ ^ 

medium of electrode 5Z. „ pccia i| v w hen layer, introdu 
Under some conditions and espcc.a llv wje ^ ^ . 

Ra c of the FET is not adversely effected layer 
g unwanted impurity diffusing through the 2. A . 
gaie oxide. This ehm.nai.on o layer 13 not ^ 

only simplifies the V KCSi .^l* 1 "'^ sdicon nitrid, 

a ,es the sandwich structure in the ga te region ^ 

which is known in die prior a t to ca . e . n 

.hreshold voltage s«»b.hiy probl *ms. Thus ^ 

this modified process " un «" nl " d w h"k 4. A met! 

ages of the self-aligned gate proccs v,h..e jn 

avoiding its disadvantages. Th deuce as ^ 
described further eliminates surface ,nve r on 

and eliminates the probability of elecu cat »^ 

discontinuities in the *"V*» > '** 5 A mcth 

while simultaneously improving the charge f ); 

density that can be carried in the charge ^ ^ ^ 

45 coupled channel. rmhndimcm uses to the rcp>- 
Although the described embodiment us 

aluminium for the electrode -ps and ^ 

chromium as the film on <hc : suif ace ot in ^ 

plug,, these ™;«»^ f i ta 'S?2 which the i- 
or other suitable conductive ma.cnais u.ca conduc(ot , 

in Aere 'ha?* Uen described a . monolithic of ^ sam 

scnTSuctor arrangement comprising^ sol f- 7. A «* 

aligned Field Eff« t Trins.stori wd ■ Ch ^rge ^ 

Coupled Array having a good capac ity io wjm 

storing charges The «' Jtfment » formed ^ 

a«^ f ^^>Ss ^e" 

in the same semiconductor ^ body ^ehr ^gc ^ ^ 

coupled array hav.ng ] c ^S d h T h ' i$ ing the s 
65 Effect Transistor associated tnercwiin. 
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9. A method of producing a monolithic 
rmicond-jcior arrangement substantially as 
escribed uiih reference to and as illustrated 
1 in ' ccom r an >' in 8 diagrammatic drawings. 

10. A monolithic semiconductor arrange- 
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